The amount of food left by a forager after feeding in a depletable patch of known volume, the giving-up density (GUD), estimates the quitting harvest rate. I constructed a feeder for measuring GUD in Egyptian fruit bats (Rousettus aegyptiacus). The feeder contained liquid food mixed with pieces of hose that interfered with the drinking behavior of the bats and forced them to work progressively harder to obtain more food as the depth of the liquid in the feeder decreased. Harvest rates in bats using these feeders declined with time. When presented with feeders containing different initial food densities, the bats equalized GUD and consumed proportionately more food from rich patches than from poor ones. Thus, the bats recognized patches of different quality and foraged following a fixed quitting harvest rate patch-use strategy.
Studies concerning food location behavior (Fleming et al. 1977) , foraging movements (Heithaus and Fleming 1978; McDonald-Madden et al. 2005) , patch-switching strategies (Howell and Hartl 1980) , and food selection (Mello et al. 2005) indicate that plant-eating bats follow the principles of optimality. Indeed bats, being endotherms with high energetic costs associated with flying, should be selected for high foraging efficiency. However, because of their cryptic habits and high mobility, the behavior of bats has been difficult to evaluate in this context. Because plant products consumed by bats tend to be clumped in time and space (Heithaus and Fleming 1978) , use of optimal patch-use models could provide the means to better understand the foraging behavior of herbivorous bats. Charnov (1976) developed the marginal value theorem to predict the amount of time a forager should spend in a resource patch in order to maximize its rate of energy harvest that he assumed was positively related to fitness. In this model, a forager can engage in 1 of 2 mutually exclusive activities, either harvesting food or moving between patches. The model assumes an environment containing an array of resource patches in which it takes a finite, characteristic amount of time for a forager to move from one patch to the next, and at which the forager has a characteristic harvest rate of energy for a given amount of time invested in exploiting a chosen patch. In particular, the model assumes that the forager experiences diminishing returns to its harvest rate while in any given patch. Brown (1988) extended the marginal value theorem to include other costs related to foraging, such as those arising from the risk of predation and from the missed opportunity of alternative activities. This generalized model predicts that a forager should quit a depletable patch when the benefit derived from its current harvest rate no longer exceeds the sum of the energetic costs, costs of perceived risk of predation, and missed opportunity costs of foraging (Brown 1988) . Providing that harvest rate is a function of the remaining food density, the giving-up density (GUD) in an experimental food patch, that is, the amount of food left in the substrate by a forager after visiting a patch, is a proxy for the forager's quitting harvest rate. Thus, the GUD provides a measure of the costs and benefits of feeding experienced by a forager.
I constructed a resource patch designed to apply the Charnov-Brown model to study the foraging behavior of Egyptian fruit bats (Rousettus aegyptiacus) and examined patch-use strategy by the bats, testing the assumption of the model that in patches that differ in quality, for example, resource density, foragers will leave patches in which foraging costs are the same at identical quitting harvest rates and will consume proportionately more food from rich patches than from poor ones. Foragers are expected to follow a fixed quitting harvest rate strategy when they can obtain information from the resource patches that they exploit and can make an unbiased estimate of the patch quality (Brown and Mitchell 1989; Valone and Brown 1989) . I predicted that, given the welldeveloped senses that Egyptian fruit bats use to detect food (Altringham and Fenton 2003; Sánchez et al. 2004 Sánchez et al. , 2006 , this species will be able to detect differences in quality among patches that only differ in resource density, and will deplete the patches to the same GUD.
MATERIALS AND METHODS
Experimental animals.-The Egyptian fruit bats that I used had a mean (6SE) adult body mass of 145.3 6 2.6 g (n ¼ 58). The species has a wide Old World range from the Cape in South Africa to Turkey, east to Pakistan, and from Egypt to Senegal. Its range includes Cyprus, Yemen, and Israel (Koopman 1993) . This bat feeds mainly on fruit, but also consumes leaves and pollen (Korine et al. 1999) . I used Egyptian fruit bats from a colony maintained at the Sede Boqer Campus of Ben-Gurion University of the Negev.
The bats were kept in outdoor flight cages (33 m 3 or 73.75 m 3 ) that had sides covered with plastic mesh shading material, and could be ventilated and cooled with an evaporative swamp cooler. The bats were fed ad libitum with fleshy fruits purchased at local grocery stores, including melons, watermelons, apples, mangos, and bananas. During experiments, I used artificial liquid food that contained soy protein infant formula (Isomil; Abbot Laboratories, Hoofddorp, Netherlands; 3 g), NaCl (0.66 g), KCl (0.84 g), and white granulated sugar (200 g) all dissolved in 1 liter of double-distilled water. Bats were handled following animal care and use guidelines of the American Society of Mammalogists (Animal Care and Use Committee 1998). This research was conducted under permit 18150 from Israel Nature and National Parks Protection Authority.
Harvest rates by Egyptian fruit bats.-In artificial food patches appropriate for measuring GUD, the harvest rate of the forager should decline with time. The artificial patches that have been used to measure GUD consisted of a container with a food resource mixed with a known quantity of nonedible substrate (e.g., Brown 1988) . I tested for diminishing returns in a feeder that I designed for Egyptian fruit bats consisting of a cylindrical plastic container (base 6 cm, height 10 cm) with an opening big enough (diameter ¼ 6 cm) for the bats to feed from, attached to the wall of the flight cage, and filled with artificial liquid food (the food resource). As nonedible substrate I used 40 pieces of rubber hose (20 mm long, 10 mm outer diameter, 7 mm inner diameter) strung on fishing line and placed inside of the feeder (Fig. 1) . The fishing line was anchored to a plastic bar attached near the bottom of the feeder to prevent removal of the rubber pieces by the bats. I expected that the interference caused by the rubber pieces to the drinking behavior of the bats would force them to work harder and harder by pushing down on the tubing to obtain additional sips of food while going deeper in the feeder, and therefore creating diminishing returns in harvest rates. I used this feeder in all experiments described below.
I measured harvest rates of 7 bats in a 33-m 3 flight cage (5 Â 3 Â 2.2 m), following a protocol similar to that presented by Kotler and Brown (1990) . I allowed the bats 3 days to habituate to using the feeders before experiments began. During this period, the feeders were set in the cage and sliced fresh fruit also was offered to the bats. Immediately before an experiment I deprived the bats of food for 12 h to assure that they were hungry and would eat from the feeders. In the experiments, the 7 bats foraged in the feeders while I sat in a blind and recorded the time that the bats devoted to each feeder. I measured only the time actually spent by a bat foraging at a feeder, but not time it spent inspecting the outside of the feeder, traveling to or from a roosting place, or interacting with other bats. The observations were made under dim red light between 2000 and 0200 h.
For 5 nights, I measured harvest rates by placing 2-7 feeders, each filled with 157.5 g of food, in the flight cage. However, I could only monitor 2-4 feeders at a time. I calculated the food consumed from each feeder by subtracting the mass remaining at the end of the experiment or after predetermined time period from the initial mass. When I measured harvest rates, the feeders were the only food source available to the bats during tests. After the observations, fruit was supplied to the bats ad libitum to ensure they maintained good body condition.
Patch-use strategy of Egyptian fruit bats.-To determine the patchuse strategy of Egyptian fruit bats, I used 12 bats in the 73.75-m 3 flight cage and placed 3 feeders in each of 5 stations. The cage was T-shaped consisting of a horizontal 7 Â 2.5 Â 2.5-m cube connected to the middle of a 2nd 4 Â 3 Â 2.5-m cube, at right angle to the 1st. Each feeder at a station contained a different initial food density. In seedtrays to measure GUD in small mammals such as rodents, density of food (seeds) is expressed in relation to volume of sand in the tray (Brown 1988) ; here even though the non-edible substrate did not occupy the whole volume of the feeder, I express food density as the total amount of food by volume present in the feeder. I did 2 experiments with different initial food densities: 52.5, 78.75, and 157.5 g/ feeder in the 1st, and 42, 84, and 168 g/feeder in the 2nd, and performed each experiment 3 times. These experiments also allowed me to evaluate whether the bats' patch-use strategy could be affected by different initial food densities.
Statistical analyses.-To determine if fruit bats experienced diminishing returns in their harvest rates when foraging at the feeders, I applied linear and nonlinear functions to fit to the data of food consumption as a function of foraging time. To determine the function with the best fit, I performed a graphical analysis of the residuals (Neter et al. 1996) . I used analysis of variance (ANOVA) to analyze data from the experiments on patch-use strategy, with GUD, or the ratio of food consumed to the initial amount as the dependent variable, food station and night as blocking factors, and initial food density as a fixed effect. The acceptable level of significance was chosen as P , 0.05.
RESULTS
Harvest rates by Egyptian fruit bats.-The amount of food harvested in a feeder by bats was a nonlinear function of foraging time, best fitted by a quadratic function ( Fig. 2; adjusted R 2 ¼ 0.986), with linear and the quadratic terms both significant (P , 0.01) and an intercept not different from 0 (P . 0.05). The negative quadratic term indicates that the bats experienced diminishing returns from feeders. Thus, the rubber tubing in the feeder made it progressively more difficult for the bats to obtain food.
Patch-use strategy of Egyptian fruit bats. 
DISCUSSION
Egyptian fruit bats experienced diminishing returns in the feeders. Although the appearance of the feeders did not mimic fruit, the relevance of an artificial patch for measuring GUD does not lie in its appearance, but in the fact that the forager can detect and react to the decline in the harvest rate while feeding (Kotler et al. 1994 ). My results demonstrate that Egyptian fruit bats can do just this, and therefore the feeder is of suitable design to apply the Charnov-Brown model on these bats.
Fruit bats may experience diminishing returns while foraging in the wild, because they usually eat ripe fruit before unripe 2 þ 3.08, which is significant (P , 0.01 for the linear and quadratic terms; the intercept is not different from 0, P ¼ 0.37, and adjusted R 2 ¼ 0.986).
FIG. 3.-
The relation between giving-up density (GUD) from feeders and experimental night in Egyptian fruit bats. The bats tended to equalize GUD in feeders with different initial food densities on different days (ANOVA, all P . 0.05). A) In one series of measurements, initial food densities were 52.5, 78.75, and 157.5 g/feeder, and B) in the 2nd, 42, 84, and 168 g/feeder. Error bars are 1 SE.
or overripe fruit (Fleming et al. 1977; Palmerim et al. 1989 ). Hence, the longer a bat stays in a patch, the more difficult it is for it to obtain high-quality fruit; that is, its harvest rate declines with time. In addition, bats eating fruit typically take a bite, suck the juice, and then spit out the fibrous remains (Korine et al. 1996) . This may cause the bat to further experience diminishing returns because it might be easier to extract juice from certain parts of the fruit, and because of the heterogeneous distribution of nutrients and toxins in the fruit. The feeders I used in the present study resembled this type of fruit patch in that Egyptian fruit bats had to work successively harder to obtain additional sips of food.
Supporting my hypothesis that Egyptian fruits bats are capable of obtaining an unbiased estimate of patch quality, the bats depleted patches with different resource densities to the same GUD and consumed proportionately more food from rich patches than from poor ones. This suggests that the bats followed a fixed quitting harvest rate patch-use strategy. Foragers possessing the means to assess differences between resource patches may follow either a fixed quitting harvest rate or a Bayesian patch-use strategy (Brown and Mitchell 1989; Valone and Brown 1989) . In contrast to fixed quitting harvest rate foragers, Bayesian foragers are not expected to equalize GUDs across patches of different quality, because they are assumed to know the patch quality and frequency distribution in the environment, but they are incapable of an instantaneous assessment of quality upon arrival at a given patch. As a result, Bayesian foragers obtain a biased estimate of the patch quality, and are expected to overuse poor patches and underuse rich ones (Valone and Brown 1989) . Foragers that do not obtain information from patches should devote equal amounts of time in all patches, and therefore will exploit in the same proportion rich and poor patches. Animals that forage to meet some physiological constraint (e.g., energetic requirements) should consume the same amount of food from all patches. Thus, foragers using a fixed time or fixed amount strategy are not expected to be able to equalize GUDs after exploiting patches of different quality (Brown and Mitchell 1989) .
Frugivorous and nectarivorous bats select food based on its nutrient content, energy (Korine et al. 1996; Thomas 1984) , and toxins (Sánchez et al. 2006) . The feeders I used provide the means to easily manipulate food content and also to do experiments where bats can fly about freely. Thus, the technique presented here could augment understanding of factors affecting diet choice of herbivorous bats, such as the individual effects and interactions of nutrients or toxins or both (Schmidt et al. 1998) . This is of relevance given that food selection by herbivorous bats may have direct consequences for the dispersion of pollen and seeds of many plants (Tschapka and Dressler 2002; van der Pijl 1972) . In addition, given that the bats experience diminishing returns while exploiting the feeders, this technique is a more sensitive tool for evaluating food selection than patches where little or no search time is needed to locate them (Brown 1988) .
Applying the Charnov-Brown model to plant-eating bats permits, for example, examining interactions of closely related species that may be studied with the same feeder. The techniques and principles presented here also permit using multiple factors affecting foraging and replicates in a relatively easy way, which has been considered a limiting factor in the study of the community ecology of bats (Patterson et al. 2003) .
RESUMEN
La cantidad de comida dejada por un forrajeador después de comer en un parche agotable de volumen conocido, la densidad de abandono (DDA), estima la tasa de cosecha de abandono. Construí un comedero para medir las DDAs de murciélagos frugívoros egipcios (Rousettus aegyptiacus). El comedero contenía alimento líquido mezclado con pedazos de manguera que obstaculizaban al murciélago mientras comía, y le hacían más difícil obtener comida al disminuir la profundidad del líquido. Las tasas de cosecha de los murciélagos al usar los comederos decrecieron con el tiempo. Al alimentarse de comederos con diferentes densidades de alimento, los murcié-lagos igualaron sus DDAs y proporcionalmente comieron más de parches ricos que de parches pobres. Así, los murciélagos reconocieron parches de diferente calidad, y forrajearon siguiendo una estrategia de uso de parches basada en una tasa de cosecha de abandono fija.
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